The objective of this study was to assess variations of the condition factor (K1) in relation to the gonadosomatic-RGS and energy reserves (hepatosomatic -RWL and liposomatic -RFB relations) of Leptodactylus macrosternum and their relationship to climate variation in the Northeast of Brazil, Caatinga area, state of Paraiba. The animals were captured fortnightly through active collecting, between January and December 2013. Significant differences were observed in the monthly variations of K1, RGS and RFB indices in male and female L. macrosternum over the months of collection. In males, K1 showed no significant relationship with the other variables. In females, RGS values only show notable correlations with RWF and K1 values. K1 values showed significant correlations with all other weight and length ratios. Climate change in the HFOB region showed significant relationships with the variation of the indexes evaluated, with the exception of RWF. The variation of K1, RGS, RWL and RFB values over the months of collection as well as their relation with the local climatic variation, showed a brief reproductive activity for the species.
iNTRodUCTioN
The condition factor (K1) is a widely used index in animal biology studies. It indicates the degree of welfare of a population against the environment (Braga 1986) . Therefore, the interpretation of this index reflects recent nutritional aspects or spending reserves in cyclical activities, which can relate to environmental conditions and reproductive aspects of the species (Vazzoler 1982) . The variation of this index throughout the year can be used as additional data for the study of seasonal cycles of feeding and reproduction processes (Braga 1986 , Lima-Junior et al. 2002 , Satake et al. 2009 ).
Thereby, understanding the dynamics in terms of energy of a population, evaluating the interference of abiotic factors (Bojsen 2005 , Duponchelle et al. 2007 ) as well as biotic interactions (Kortet and Taskinen 2004, Grorud-Colvert and Sponaugle 2006) , providing information on the possible mechanisms that affect the reproductive processes of individuals in their areas of occurrence (Toledo et al. 2012) .
The ratio between the weight of a structure for a given body size is a parameter that can also be used in determining ontogenetic morphological changes, providing important information on the reproductive status and/or nutrition of individuals in a population (Satake et al. 2009 ). The interpretation of the relationship between the weight of organs such as the liver, adipose tissue and gonads, could provide critical information on energy dynamics and the reproductive status of amphibians in Neotropical regions (Huang et al. 1997 , Oliveira and Zieri 2005 , Ebert et al. 2011 , Franco-Belussi et al. 2012 .
In areas of Caatinga, the limited amount of rainfall determines the reproductive pattern of amphibians. During the dry season, frog species present in this region have physiological and behavioral adaptations to temperature variations and lack of water in water bodies (Abe 1995) . In these environments, the animals are reproductively active for two or three months during the year (Rodrigues 2003), a period determined by the increase in rates of rainfall in the region. Brown et al. (2011) in studies conducted in semi-arid areas showed that behavioral and physiological adjustments occur during different periods in the year. Animals with larger body sizes, growth rates and masses of fatty bodies coincide with the rainy season and reproductive period of the species (Brown et al. 2011 ).
Thus, knowledge of the reproductive patterns, the different factors and their relationship to the reproductive biology of anurans provide information that can complement the understanding of the structuring principles of the communities in their ecosystems (Bionda et al. 2011) . Understanding these patterns is a primary and essential tool for further applied studies, focused on the conservation and management of biodiversity (Hockey and Curtis 2009) .
This work adopts the species Leptodactylus macrosternum (Miranda-Ribeiro 1926) as a biological model for the interpretation of reproductive and energy dynamics of anurans in the Caatinga region of the state of Paraíba. Seeing it is a generalist species and well adapted to disturbed areas, L. macrosternum stands out for being a large frog in relation to other species occurring in Brazil; being used for production purposes as an alternative to the use of alien species in frog culture.
Therefore, the objective was to evaluate the correlation between the condition factor (K1) against the gonadosomatic relations -RGS and energy reserves (hepatosomatic -RWL and liposomal -RFB relations) of the model species as well as variations in these indexes over the months of sampling and their relations to the environmental parameters of the study area. (100) / WT] relationships (Vazzoler 1982) . The overall animals' condition factor (K1) was calculated by allometric method, from the expression K1 = w / Lb, where W represents the total mass, and L the length of standard individuals. To estimate the value of coefficient b, a single equation of weight-length ratio was set (W = aLb) and applied to all collected individuals (LimaJunior et al. 2002) . 
MATeRiALS ANd MeThodS

STUDY
CLIMATE DATA
The monthly data of weather temperature (° C) and rainfall (mm) were obtained through the Executive Agency for Water Management (AESA 2014) database in the state of Paraíba.
DATA ANALYSIS Data normality was tested by Shapiro-Wilk. The results for RGS, RWL, RFB and K1 variables over the months of collection were submitted to monthly comparisons, by applying the nonparametric Kruskal-Wallis test with post-hoc Dunn's test. The correlation between the variable K1 and RGS, RWL and RFB was tested by applying the Spearman correlation coefficient. The dependence of RGS, RWL, RFB and K1 variables and climatic variables (rainfall and temperature) in the HFOB area was tested by multiple linear stepwise regression analysis (backward). The 0.05 significance level was set for all of the above statistical treatments (Zar 1999) .
ReSULTS
Fifty-three individuals of Leptodactylus. macrosternum were collected (29 males and 24 females) over the months of May (9 samples -5 males and 4 females), June (15 samples -11 males and 4 females), July (8 samples -3 males and 5 females), August (8 samples -4 males and 4 females), November (7 samples -4 males and 3 females) and December (6 samples -2 males and 4 females) 2013, coinciding with the months presenting rainfall in the region. Between the months of January to April and September to October 2013, no individuals of L. macrosternum were found during field trips.
The value of angular coefficient of regression between weight and length (b) in the population of L. macrosternum sampled was 3.012 (Fig. 2) .
The condition factor (K1) of male and female L. macrosternum over the months of collection showed significant differences in their values. The largest K1 values found in males of L. macrosternum were observed in December (p = 0.04) (Fig. 3) . Regarding females, minor significant values were observed in July (Fig. 4) . During the collection period, males had significantly lower values of gonadosomatic relation (RGS) in June (p = 0.04) (Fig. 3) . The highest values of RGS found in males of L. macrosternum were observed in December (p = 0.03). Regarding females, the months of May (p = 0.02) and June (p = 0.05) showed the highest peaks of RGS (Fig. 4) .
The monthly variation of hepatosomatic ratio (RWL), showed no significant differences between their values both for males (Fig. 3) and females (Fig.  4) in the months in which the animals were collected. Males and females of Leptodactylus macrosternum showed the highest values for RWL in July and December (Figs. 3 and 4) . The monthly change in the values of liposomal ratio (RFB) between males and females of L. macrosternum showed significant differences among the sampled months. The lowest values observed for this parameter correspond in males for the months of June (p = 0.04) and August (p = 0.03) (Fig. 3) . The largest values in the RFB of L. macrosternum females were observed in August (p = 0.05) and November (p = 0.04). The month of December (p = 0.04) presented the lowest average values for this assessed parameter (Fig. 4) .
Observing the results presented by the Spearman correlation test, the condition factor (K1) showed no significant relationship with the RGS, RWL and RFB variables throughout the collection period in males of L. macrosternum (Table I ). However, in females, it is observed that the K1 values correlated positively with the RGS (p = 0.03, r = 0.12) and RFB (p = 0.05; r = 0.30) variables although having a negative correlation with the RWF variable (p = 0.05; r = -0.30) ( Table  I) .
The variation of the condition factor (K1) of Leptodactylus macrosternum males showed no significant relationship with rainfall and temperature variation in the HFOB area. However, rainfall in the region showed significant relationships with the variation of K1 (p = 0.04) and WFB (p = 0.05) in females of L. macrosternum. Furthermore, significant relationships were observed between the change of K1 (p = 0.04) with the temperature in the HFOB area among females of L. macrosternum. The variation in rainfall and temperature in the HFOB region showed significant relations with the change in RGS in males (p = 0.02) and females (p = 0.03) of L. macrosternum over the months of collection. In contrast, no significant relationships were observed between the RWF variation and these climatic parameters in the study area (Table II) .
diSCUSSioN
The irregularity of rainfall as well as the formation and duration of water bodies, limit various aspects of life of anurans such as resource acquisition, accumulation of reserves and mainly, reproductive activity (Dayton and Fitzgerald 2001) . The low occurrence of rainfall and its unpredictability in semi-arid environments can determine some physiological adjustments in anurans (Rossa-Feres and Jim 1994 , Santos et al. 2007 , Giaretta et al. 2008 . In the rainy season, anurans may present a greater body size, a higher growth rate and increased accumulation of energy reserves as well as increased gonadal development (Brown et al. 2011) .
The Leptodactylus macrosternum studied here showed body weight increase proportional to the increase in body size, with an angular coefficient of regression between weight and length (b) 3.02 (Figure 2 ). According to Vazzoler (1996) , animal populations showing angular variation coefficient of regression between weight and length (b) from 2.5 to 4.0, exhibit an isometric growth pattern.
We observe a strong outlier present in the total weight axis of the sampled population of L. macrosternum (Figure 2 ). This outlier is strongly associated with the presence of animals with larger body masses concentrated in the period of higher rainfall in the region (May, June and July 2013), due to a greater accumulation of energy reserves and gonadal development, especially in females (Figure 4 ). In the rainy season, frogs may present a greater body size, a higher growth rate and greater accumulation of energy reserves as well as increased gonadal development (Brown et al. 2011) .
The condition factor (K1) is an important indicator of the degree of health of an individual and its value reflects recent nutritional status and Gomiero et al. 2010) . In this study, females of the species L. macrosternum showed significant correlation between K1 values and RGS values, which may reflect greater energy expenditure for the production of gametes. In areas of Caatinga, anurans are breeding during two or three months in the year (Rodrigues 2003) and some species maintain foraging activity, consequently leading to accumulation of energy during the rest of the year (Duellman and Trueb 1999) . The highest peaks observed for K1 may be associated with a higher intensity of feeding activity of the Leptodactylus macrosternum species, with subsequent accumulation of body fat and carbohydrates in the liver, thus possibly being altered as a function in both intrinsic (organic reserves, gonadal development and size of the specimens) and extrinsic factors such as temperature, rainfall and food availability (Botelho et al. 2007) . Therefore, the change in K1 in the species may also be related to the availability and use of food by individuals during the months in which samples were collected.
The hypothesis of the K1 relationship with extrinsic factors may be corroborated by the relationship between its variation and climate variables observed in the HFOB region in females of L. macrosternum. In addition to this fact, are the relationships shown between the observed variations in rainfall and temperature in the region with the variation of RGS and WFB in females, and the ratio of the variation of RGS with rainfall in males of L. macrosternum in the HFOB region.
The result of the correlation test between the seasonal variation of K1 and RGS in L. macrosternum males observed in this study, showed that these two variables can present independent cycles, i.e. there is no significant association between them.
The liver is the second largest organ in the body and the largest gland. It is here that the nutrients absorbed in the digestive tract are processed and stored for use by other organs (Hipolito 2001) . The arrangement of the liver tissue is directly related to the physiological characteristics of animals, such as ectotermia and reproduction (Bruslé and Anadon 1996) , thus, RWF may also be used as an indicator of the reproductive period of L. macrosternum, correlated to other factors such as K1 and RGS. This index may be related to the mobilization of energy reserves necessary for the vitellogenesis process, reproduction or to prepare for a period of low food availability (Navarro et al. 2005) . This confirms the result of the significant correlation of RGS and RWF values in L. macrosternum females observed in this study.
In anurans, fatty deposits are lipid bodies of great importance for the survival of these animals since they play key roles in metabolism, especially of energy reserves (Saidapur 1989 , Saidapur 2001 . In species with short periods of activities and related to the rainy season or warm periods, lipids need to be well equated between the spending on reproduction and reserves (Duellman and Trueb 1999 ). An example of this is that during the maturation of the ovules, females significantly increase the expense of gonadal adipose tissues, and their decrease can be observed during this period (Saidapur 1989 , Saidapur 2001 , Brown et al. 2011 .
The evaluation of K1 values, RGS, RWF and WFB over the months where L. macrosternum specimens were collected, show a short reproductive activity for the species, probably concentrated between the months of May, June and December 2013. During the rainy season, anurans may present a greater body size, higher growth rate, greater accumulation of energy reserves and increased gonadal development.
